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Experimental results are  given on the  energy spectruzu of nuclear- 
a c t i v e  p a r t i c l e s  in t he  region 3 .lD=- 1014 eV at the  3860 meter alti- 
tude above sea l eve l ,  alongside with data on extensive air showers 

accompanying them. The energy spectrum cannot be descr ibed by a power  
funct ion with a s i n g l e  exponent i n  the e n t i r e  region considered. The 
mean f r e e  pa ths  for absorption and i n t e r a c t i o n o f  nucleon8 in t h e  atmo- 

sphere are determined. For p a r t i c l e  energ ies  above 1013eV they are 
equal t o  120 g/cm2 a . d  83 g/cm 
t i o n  of extens ive  air showers, accompanying nuclear-act ive particles with 

e n e r d e s  
i n d i c a t e s  t h a t  the cha rac t e r  of t h e  elementary i n t e r a c t i o n  a c t  changes 

for nucleons with energ ies  higher than 1013 eV. 

2 respec t ive ly .  A n  analysis of the d i s t r i b u -  

'> /3  lou e V  with respec t  t o  the  t o t a l  number of p a r t i c l e e  

* 
* 

Inves t iga t ions  of extensive air showers of cosmic r a d i a t i o n  
have shown [ l J , t h a t  t h e i r  u t i l i z a t i o n  for the  s tudy  of c o l l i s i o n  pro- 
ce6ses of p a r t i c l e s  with energy > 1013 e V  r e q u i r e s  inescapably detailed 

measurements of t he  s t r u c t u r e  and composition of the air-shower core.  

* YADERNO ,Wi?IVNME CHASTITSY VYSOKOY EXEZGII IS SOPROVOZHD-4YUS€ICHIlE 
IUi S!IIROKIYE ATPIOSFERIJYYE LNNI KOSl4ICHZSKOGO IZLUCHEXIYA 
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On the o the r  hand, observat ions of nuclear-act ive p a r t i c l e s  

with energy > e V  k "he atmosphere de?th with the  a i d  of i on iea t ion  

chambers are l i nked  i n  an overwhelming number of cases with the  s imulta-  

neous r e g i s t r a t i o n  of air showers, a t t end ing  these p a r t i c l e s .  Therefore,  
two d i f f e r e n t  approaches t o  the study 

of prooesses at  high enerFies  have been 
reduced t o  a s i n g l e  ezceriment setup.  

Discussed in our paper a r e  the  

r e s u l t s  of such type measureme~ts,  COL- 

pleted a t  t h e  a l t i t u d e  of 3860neters  

J. 

above the  sea l e v e l .  Two s e r i e s  of m. 

i o n i e a t i o n  chambers, placed under a 
F i g ,  1. - Detector of nuclear-  
a c t i v e  p a r t i c l e s  and  e l e c t r c n  

t h i c k  carbon l a y e r  i n s i d e  t h e  c a v i t y  

forned by the  lead ,  sh i e ld ing  i t ,  
are schematical ly  ind ica t ed  i n  t 3e  i c s t a l l a t i o n  of Fig, 1. These cham- 
bers were des i , ped  f o r  t h e  r e c i s t r a t i o n  of high-energy nuclear-active 

?ar t ic les .  Two nore s e r i e s  or" io:i ization chambers were disposed above 
t h e  carbon ucder a r e l a t i v e l y  t h i n  layer of l e a d  for the measurement of 

the  electron-photon co,.iponent of t he  air-shower core. Hodoscopic corrnters 

were u t i l i z e d  f o r  the  deter;.ination of t he  number of p a r t i c l e s  i n  exten- 

s i v e  a i r  showers; they were disposed d i r e c t l y  above t h e  block of ioniea- 
tion chaibers ,  a6 wel l  a= a t  a d is tance  o f  30 meters from the  cen te r  of 
t h e  in s t a l lL t ion .  The t o t p l  number of hodoscopic counters  w a s  I#. 

photon avalanches of h i g h  
energy 

1. Electron-Ff;oton Component of t he  Core of -..- -- _.- 

Extensive Air Showers 

I n  order t o  v e r i f y  the concection begween the  energy of the  e lec-  

t?:-photon component of the core ( E e T $  

in t ~ e  sp.cwey (N), we deiernined these q u a n t i t i e s  for every air shower, 
=:+cse axis ?asbed throui-k; t h e  a r e a  covered by the ion iza t ion  chambers*: 

. v i r ;  wiose e:er,ry of ?hi. electro3-rbo ton component of the  core exceeded 

lo1' e';. 

and the  number of p a r t i c l e s  
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The spectrum of r e g i s t e r e d  showers by t h e  number of p a r t i c l e s ,  

of which t h e  energy of t he  electron-photon 

component of t he  core exceeds 1Ol1eV,  is 

p l o t t e d  in Fig. 2. - Presented in the  same 

Fig.2 is a l s o  the  spectrum of extensive 
atmosphere showers constructed according 

t o  da ta ,  a v a i l a b l e  in l i t e r a t u r e  for our 
observat ion a l t i t u d e  111. Comparison of 
these  s p e c t r a  shows t h a t  t h e  form of the 
spectrum an2 t he  frequency of showers 
with a number of p a r t i c l e s  > 2 lo4 
coincide with [l]. Hence i t  follows t h a t  

i n  each shower with a number of p a r t i c l e s  
> 2 -lo4 
photon component of the  core (in a c i r c l e  

of 2 m r a d i u s )  exceeds 10l1 eV, which con- 

s t i t u t e s  no less than 2 percent  of t he  

mean value of the  t o t a l  energy of t h e  
electron-photon of showers with a number 

of p a r t i c l e s  of 2 '10 mqni tude .  The 
mean value of t he  energy of electron-  

the  enerm of the  e lec t ron-  

4 

a 
t 1 I 

If;:, -YP I D f  . IO' 
JvLcnskr Q L ~ I C L ,  in t& D&*L P 

Fig. 2. - I n t e q r a l  snectrum 
of showers by t h e  number of 
p a r t i c l e s ,  of which t h e  ener- 
aq of the  electron-q mponent 
of the core  is 7 1 0  e V ,  
(lower curve) and t h e  i n t e g r a l  
spectrum of showers according 
t o  t h e  number of p a r t i c l e s  
a f t e r  ref. C11 (upper curve). 

I! 

photon conponent in cores  of r e g i s t e r e d  showers is s u b s t a n t i a l l y  greater 
and f o r  showers w i t h  a number of p a r t i c l e s  from 2 *IO t o  1 *lo i t  cons t i -  

t u t e s  15 percent  of the  mean t o t a l  energy of shower's electron-photon com- 
ponent. In some p a r t s  of showers the  energy of the electron-photon component 

of t h e  core exceeds the  mean value of t h e  t o t a l  energy oi: the afi~xer'a 
electron-photon component. This po in t s  t o  the  ex is tence  of g r e a t  f l u c t u a t i o n s  

i n  t he  development of showers oSserved a t  he ights  of nountains. 

4 6 

I n  connection with t h i s ,  comparison w a s  conducted between our experi-  

mental  da t a  and the  Computations of r e f .  

model of shower development, assuming l a r g e  f l u c t u a t i o n s  on account of 

t r a n s f e r  in a s i n g l e  event of a l l  the energy of a nucleon t o  one o r  s e v e r a l  

Ro -mesons, w a s  postulated.  

[3], i n t o  the  basis of which a 
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The experimental d i s t r i b u t i o n  of t h e  value of E,, /N i n  showers 
5 w i t h  p a r t i c l e s  nutibering lo4 - 10 , and also t he  cozputed d i s t r i b u t i o n  

f o r  electron-photon showers w i t h  p a r t i c l e s  numbering 10 and d, are 
p l o t t e d  i n  Fig. 3 (see  ref. 133). 

4 

""i--- 

Fi,e. 3 .  - Dis t r ibu t ion  of showers according t o  the  
energy of the  electron-photon coiuponent of the  core  
E<T;/R, corresponding t o  one e l e  t ron  f the shower: 
1 - experimental  data fcr N = 10' - 108 ; 2 - conpu- 
t e d  d a t a  [3] f o r  14 = 10 4 3 - same for N = 105. 

I n  the  computation of ref. [3], the  energy of e l e c t r o n s  and photon6 

w i t h  energy > IC9 e?, r n z ~ k g  near  t h e  axis of the shower, w a s  taken for t h e  

/N have cI similar form, bu t  

d i f  i e r  by t h e i r  absolute  values: the  experimental  va lues  of Ee;Th / N are, 
as an average, s u b s t a n t i a l l y  smaller than the computed. Such a discrepancy 

p o i n t s  u n i l a t e r a l l y  t o  the  f a c t ,  t h a t  most of ex tens ive  showers could no t  

be formed by primary protons by way of transfer of a s u b s t a n t i a l  f r a c t i o n  
of e n e r m  of t h e  generat ing p a r t i c l e  t o  one o r  s e v e r a l  

C L i C  

P h  
. "he d i s t r i b u t i o n s  of Et,- cCrc 

value of E_.l+, 

P 

no=mesons. 

* * *  
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2. Avalanches formed by Kuclear-Active f a r t i c l e s  
i n  t he  Substance of t he  Zetup 

-- _- -.- -. -- -- ---.- 

- -.__- .-- - -- 
I n  order  t o  de te rn ine  the energy spectrum of the  nuclear-act ive 

p a t i c l e s  by the  ion iza t ion ,  observed i n  the  lower s e r i e s  of our  i n s t a l -  

l z t i o n ,  i t  is necessary to convert the  i o n i z a t i o n  b u r s t s  t o  the  t o t a l  

number of e l e c t r o n s  i n  the avalanche, pas s ine  through t h e  c a v i t y  in Pb, 
and t o  l i n k  t h e  number of e l ec t rons  i n  the  avalanche with the  energy of 
t h e  nuclear-act ive p a r t i c l e  h i t t i n g  the  i n s t a l l a t i o n .  The s o l u t i o n  of t h e  
f i r s t  problem, l i nked  with the  accounting of t he  angular  d i s t r i b u t i o n  of 
e l e c t r o n s  in the  avalanche, is made more d i f f i c u l t  by t h e  f a c t ,  t h a t  in a 
s e r i e s  of cases two o r  more p a r t i c l e s  h i t  simultaneously t h e  area of the 
i n s t a l l a t i o n .  The t r a n s i t i o n a l  ez fec t s  are absent on account of a p p l i c a t i o n  

of polyethylene chambers. The angular d i s t r i b u t i o n  of e l e c t r o n s  in t h e  

avalanche was so chosen, t h a t  t h e  b e s t  apeement  be obtained between t h e  

r e l a t i v e  va lues  03 i on iza t ion  i n  the  chambers s i t u a t e d  at var ious  d i s t ances  

from the  axis of t h e  avalanche. The zases, s e l e c t e d  f o r  ana lys i s ,  by t h e  

da t a  ol hodoscopes nad rio aCCOEpanaent i n  the  air, and t h a t  is why they  

could be viewed as cases  of s i n g l e  h i t s  of nuclear-act ive p a r t i c l e s  upon 
the  i n s t a l l a t i o n .  The angular d i s t r i b u t i o n s ,  u t i l i z e d  for  the  ana lys i s ,  may 

apnroximLtely be charac te r ized  as follows. A d i r e c t  p a r t i c l e  f lux emerges from 

one po in t  of t he  upner F% l a y e r  of the c a v i t r  and i s  divided i n t o  an i s o t r o p i c  

p a r t  of a ( a  =1.0,0.66, 0.50 o r  0,330f the number of p a r t i c l e s  of d i r e c t  

f l u x )  ana i n t o  a p a r t  oi e lec t rons  nioving para l l e lwi se  to avalanche axis. 
The inverse  f l u x  was considered as i s o t r o p i c a l l y  emit teu from the  lower 
su r face  of Pb, propor t iona l ly  to tke d i r e c t  f l u x  of e l e c t r o n s ,  i n c i d e n t  

upon the  co r re spondhc  p a r t  of that surr'ace, The aggregate biiizztfeii fro= 
the  inverse  f lux was assumed t o  be equal  t o  the  ion iza t ion  of the  d i r e c t  

f l u x  [&].The re ,u l t s  of corn?=arison of the  c a l c u l a t i o n  with the  experiment 

a r e  p l o t t e d  i n  Fi5.4.  

of p a r t i c l e s ,  a t  which ha l f  of p a r t i c l e s  i n  the d i r e c t  f lux  is d i s t r i b u t e d  

i s o t r o F i c a l l y .  

Subsequently, we s h a l l  admit t h e  angular d i s t r i b u t i o n  

1:estinp upon the chosm angular d i s t r i b u t i o n ,  one may l i n k  t h e  
* 

t o t a l  number of e l e c t r o n s  in the electron-nuclear  avalanche (Ne1-n) with 
t h e  ay'gregate i o n i z a t i o n  i n  the whole se r ies  of i o n i z a t i o n  chambers (Iz) 

[Subsecuently, i n  forriulas we s h a l l  keep t h e  original Russian denotat ion * 
f o r  Nel -n ,  which is Nan J 
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or with the  ion iza t ion  bu r s t  
axis of the avalanche and which r e g i s t e r s  the  g r e a t e s t  i on iza t ion  i n  t h e  

Io in t h e  chamber, through which passe? t h e  

given event. ;le nay a l s o  l i n k  t h e  frequency 
of i o z i z a t i o n  b u r s t s  v,(> I), observed in 
each of t he  sezkrs te  chambers inqependent- 

ly, with the  number of avalanches, t h e  axe6 

of which k i t  one of the chambers of t he  
ser ies  v(>  I o ) .  Without t ak ing  i n t o  account 
t h e  s h u l t a n e o u s  h i t t i n g  of t h e  i n s t a l l a t i o n  

by s e v e r z l  nuclear-active p a r t i c l e s ,  we 
ob ta in  f o r  the  sxno events  : I r /  = 2,85 

a n d  v,(> I) I.(> IO) = 1,9 f o r  events i n  which 

I = Io. Ir? the e x n e r b x z t  t h e  respec t ive  
q u a n t i t i e s  are equal  t o  3.3 and 2.15. Taking 
advantage of t h i s  d i f fe rence  we s h a l l  at tempt 
t o  take i n t o  account the  cases  of nuclear- 
a c t i v e  p a r t i c l e s  h i t t i n g  the  i n s t a l l a t i o n  by 

groups. Assume t h a t  a sii;lultaneous appearance 
of two avalanches is observed, which d i f f e r s  

from one another by m t i n e s ;  then, 

V i ( >  I) = I,Ov(> Io )  (1 + I /  w ,  
where X is the index of t h e  i n t e i ; r a l  spec- 

I l l  
f 2 9 6 5  

J Y L ' n l t v  rf L'h,sdtr c h n  t c 4  
pc-  ad&*& n-*'J 

Fig. 4. - Dis t r ibu t ion  of 
i o n i z a t i o n  in polyethylene 
chambers disposed i n  a Pb 
cavi ty ,  a t  d i f f e r e n t  sha re  
- a of direct  f l u x  p a r t i c l e s  
emerging from Pb as i s o t r o -  
p i c a l l y  s c a t t e r e d  (1 - a 
p a r t i c l e s  of d i r e c t  f l u x  
moving along t h e  axis of 
the  zvalanche) : 

The so lu t ion  of these equations gives  = 0.28 and m = 1.7. A di rec t  

c a l c u l a t i o n  of t he  f r a c t i o n  of gro ip  b u r s t s  has  l e d  t o  the  value t = 0,2g*0,02, 

F i n a l l y ,  u t i l i z i n g  the  se l ec t ed  angular d i s t r i b J t i o n  of e l ec t rons  i n  the  
avalanche and t h e  values found f o r  
c o r r e l a t i o n s  between the ion iza t ion  bu r s t8  and t h e  va lues  of electron-photon 

avalanches in t h e  P, cav i ty  of t he  i n s t a l l a t i o n :  

1 and xu, we ob ta ined the  fol lowing 
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;ie plotted i n  Zig. 5 the  i n t e g r a l  s p e c t r a  of avalanche6 f o r  the  I 
t h i r d  and fou r th  s e r i e s  from separa te  nuclear-active p a r t i c l e s ,  superposed 
w i t h  t'ne a i d  of the above corJ-elat iona.  If  we utilize t he  exponent ia l  form 
of apvroximtition of s p e c t r a  

I 

I 

v ( >  NJR) = A ( A ' a ~ j 1 0 4 ) - x ,  

we shall have f o r  tkLrd. series of chambers 

A -= o ,c)/t(i f o ,oo 't , 5c = 1 ,h o f O,OG LL t 3.103 < N,, < 4 .  IO&,  

-4 = 0,12 & 0,04, K = 2,2 f 0,2 at N,, > 4,104. 
The v a r i a t i o n  of t:?c integral spectrum of avalznc'nes, caused by nuclear- 

active p a r t i c l e s  i-? the  i o n i t a t i o n  i n t e r v a l  corresponding t o  the  passage 

o f ( 4 -  61.10 r e l a t i v i s t i c  p a r t i c l e s ,  was already noted in certain worh 
[2, 5, 6 3 .  However, no unique opinion on t h i s  quest ion has  he re to fo re  
been a s se r t ed .  I n  p a r t i c u l a r ,  the opinion was advanced in t he  work c7], 
t h a t  such a v a r i a t i o n  of the spectrum is absent. I ' h e r e s u l t a o f  the  work [7] 
were co-?pzred w i t h  our da ta  of Fig. 5, 6 . For comparison, d a t a  of the work 
(71 were u t i l i z e d ,  i n  p z t i c u l a r  tkose r e l a t e d  to s p e c t r a  by groups from 
three chambers in s e r i e s  wliich a re  loca t ed  under the  equivalent  Pb layere .  
As may be seen in the  F i g . 5  ( next page), the  d a t a  p r a c t i c a l l y  coincide.  

The index of spectrum inc l ina t ion ,  !letermined with the  help of an e l e c t r o n i c  

computer by the  same method as i n  the  case of processing of  our own data ,  

was f ~ i m r !  to be equal t o  )c = 1.48 2 0.05. The consol ida t ion  of o u r  data 
with those of work [7] allows t o  make more p rec i se  the  value of t he  index 

of the spectrum of ion iza t ion  b u r s t s  a f t e r  b reak :  n =2.18 2 0.11. 

4 I 

I 

I 

Aside from the  t o t a l  spectrum of avalanches, we constructed,  accorb- 

in? our data, ti-e spectrum of avalanches gOA,not a t tended  by the  shower i n  
a i r  above t 3 e  i m t a l l a t i o n ,  r e s i s t e r e d  by our  apparatus.  The minimum observed 

l 

vclue of  the shower c o n s t i t u t e s  300 p a r t i c l e s  for a cascade parameter of the  1 

shower i n  the air, s 4 1.3. Such cases ,  without accompaniment, may be 

i n t e r p r e t e d  as cases of primary protons passing through t he  atmosphere 
I 
I 
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without i n t e rac t ion .  The conversion from the  ion iza t ion  observed in sepa- 

r a t e  chambers, o r  from aggregate ion iza t ion ,  t o  t h e  number of p a r t i c l e s  
i n  t he  avalanche passing through the  th i rdand  the fou r th  series of cham- 

bers, is e f f e c t e d  in t h i s  case without t ak ing  i n t o  account the  cases  of 
simultaneous h i t t i n g s  of the  i n s t a l l a t i o n b y  two o r  more p z r t i c l e s .  The 

spectrum may be  expressed in  the form 

~ o J & ( >  A'm) = (297 f 0,5) *1&3(Nan / ~oc)- '~9*00'2 POZt  -i.A-2 

f o r  t!ie fou r th  s e r i e s  at 

' I  ' 

* t  
+ P  . 

+ 

F i t . 5 .  - I n t e p a l  s p e c t r a  of avalanches, caused by separa te  nuclear-act ive 
p a r t i c l e s  the t h i r d  (a) and fou r th  (6) s e r i e s  of i o n i z a t i o n  chambers, 
obtained as a r e s u l t  of conversion: 0 from m a x i m u m  i n  the s e r i e s  of b u r s t s  
I,, .&-from b u r s t s  in separa te  chambers Ii, a - f r o m  aggregate burs t6  by 
s e r i e s ,  I : 6 - i n t e g r a l  spec t r a  of aval?.nches, caused by nuclear-act ive 
p a r t i c l e s  . 1 -L- with reference t o  [7]; 2 - w i t h  reference t o  C61. 

* * 8 
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3. E n e s - S p e c t r u m  of  Xuclear-Active P-'ticles 

For the determination of the energy spectrum of nuclear-act ive 

p a - t i c l e s  by the  spectrum of observed avalanches we  u t i l i z e d  the  method 

descr ibed in the  work [ 8 ] .  A s s u m e ,  t h a t  t h e  energy spectrum of nuc lear -ac t i -  
ve p a r t i c l e s  has  at the observation he igh t  an exponent ia l  cha rac t e r  B e - W ,  

where The nuclear-act ive p a r t i c l e ,  h i t t i n g  t h e  absorber,  

formsin i t  an electron-nuclear  avalanche. A s s u m e  t h a t  the m e a n  number of 
p a r t i c l e s  in 6UCh an avalanche, (Nan) at  d e t e c t o r  depth x being  linked 
with the  energy of t he  nuclear-;Active p a r t i c l e  E by the  c o r r e l a t i o n  

Y = l1l (1; / 1012). 

R a n  (E,  Z) = D ('c) ( E  / iO'*)s(x), 

which takes in logari thmic coordinates  t h e  form 

z1 = 111 .Tan ( E ,  z) = In D + sy. 

If the  d is t r ibuLion  of  avelar,ches by e = lniY3n at  de tec to r  depth x is 
known from the  nucelar-act ive p s r t i c l e s  of s p e c i f i c  energy 

g - If,-(z. g , t ) c k  = \V ( z  - Z i , Z ) r l Z ,  ' 

we ma? f i n d  the  d i f f e r e n t i a l  s?ectr-m ol avalanches a t  the  same depth x 

from all the  nuclear-act ivs  p a r t i c l e s  i n c i d e n t  Qpon t he  d e t e c t o r :  

w k e r e  

is a constant  vzlue f o r  the given X. '.;he obtained i n t e c r z l  spectrum 

B .  
Y 

v (  > 3, I) = - D ~ , v i v ~ " - ~  

may be coiapaed with the exyerimentally observed sTectrum 

v (> .V, X) = A (A'm / IO')-" 

a ~ d  the  values  B and f, cha rac t e r i z ing  the  energy spectrum of nuclear-  

a c t i v e  pcir t ic les  at the Famir height  can thus  be found: 



I 

10. 

The va lues  of D , s  and M depend upon the  assumptions, a t  which t h e  

avalanche spectrum is computed from t h e  nuclear-act ive p a r t i c l e  of t h e  

given e n e r g  W (2, y, x )  ds. 
The ca l cu la t ion  of W (e ,y ,  x) dz is comfducted by Nonte-Carlo 

method in s e v e r a l  va r i an t s .  
I n  the  f i r s t  v a r i a n t  i t  was assumed t h a t :  

1 )  t he  f r a c t i o n  of energy, preserved by t h e  nucleon a t  i n t e r a c t i o n  

with the  carbon nucleus is  equal t o  ac  = 0.7, and with  t h e  Pb nucleus - 
a n  = 0; + 

2 )  at  i n t e r a c t i o n  of secondaryJr--mesons with the  Pb and C 

nuc le i ,  t he  n o n e l a s t i c i t y  f a c t o r  is equal  t o  1; 
3) a t 3 i r d  of e n e r m ,  t r a n s f e r r e d t o  mesons, is carried away by 

x0 -mesons, which c r e a t e  t h e  spectrum of photons dE /E2 in t he  energy 
i n t e r v a l  E m i n  € E < E x o ,  where E,. is  the  aggregate energy of all t h e  

110-mesons of a s i n g l e  event.  
The second v a r i a n t  d i f f e r e d  from the first only by t h e  fact, t h a t  

t h e  f r a c t i o n  of energy, preserved by the  nucleon at  i n t e r a c t i o n  with t h e  

Pb nucleus was taken equal  t o  0.5 and not eero. In  t h e  t h i r d  va r i an t  i t  
w a s  a d d i t i o n a l l y  a.;sumed t h a t  in 30 percent of nucleon i n t e r a c t i o n  events ,  

deternined by the  method of random tests,  a l l  t h e  energy of the  NO-compo- 

nent  is carried by a siagle photon. 

The l o c a t i o n s  of nuclear  i n t e r a c t i o n s  of i nc iden t  nucleons were 
found by the  Monte-Carlo method. From every i n t e r a c t i o n  event  t he re  emerged 

an electron-nuclear  aiiUlathe, xhfzh WP Cies’eleped i n  t he  detector and 

p a r t i a l l y  reached the  t h i r d  and the  fou r th  ser ies  of i o n i z a t i o n  chambers. 
2or s i m p l i c i t y  a d  p r a c t i c a l  purposes we considered sepa ra t e ly  each ava- 

l a c h e  from by the decay of Jt -mesons of the  same event,  which were corn- 
puted by the  method of consecutive cenerat ions.  

0 

If the  i n t e r a c t i o n  took  p lace  in the  graphi te ,  t h e  aggregate number 

of r aZ ia t ion  u n i t s  was taken into account from the  place of i n t e r a c t i o n  

t o  the  l e v e l s  of the  t h i r d  or fou r th  s e r i e s  of i on iza t ion  chambers. F o r t h e  

c a l c u l a t i o n  of avalanch--s fromXk=mesons we u t i l i z e d  the  cascade 
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7 

I 1 5 4  z - a I L C L I ? t  j Z,IJ ~ - r c t r u n ~  Jid e a t c a n t  1 3 , ~  J ~ ? , -  ' Lf?: Je?t i )  31rl ~ C L W  1 &&I ~ 3ul J t Z t c j ~ 4 % ~ t ~  
- -  -- _- 

I 

12 T'a:-le 2 we comyi lsd  t L e  values of M (XI, cozguted f o r  d i f f e r e n ,  var-ants, 

a:ic L e  ~aiues ol" 

t e d  s p e c t r a  of avalanches f o r  t h e  t h i r d  and f o u r t h  s e r i e s  of i o n i s a t i o n  
chanbers with the  observed ones. 

f a 4  E i y  , cbti izied by wny of canparison of the  compu- 

I I I I I I I 
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Conparing t h e  d i f f e r e n t  v a r i a n t s  of the  c a l c u l a t i o n  one may no t i ce  

t h a t  f o r  v a r i a n t s  1 and 3, t h e  energy spec t r a ,  obtained from t h e  s p e c t r a  

of b u r s t s  i n  t he  t h i r d  and four th  s e r i e s ,  do not  coincide with one another. 

Only t he  v a r i a n t  2, in which t h e  absence of e n e r g e t i c a l l y  l i b e r a t e d  $-meson 

is assumed, and the  n o n e l a s t i c i t y  f a c t o r  in Pb, equa l  t o  0.5,provide iden- 

t i c a l  values f o r  y and B / Y  by the  t h i r d  and f o u r t h  se r i ee .  aiccordingly, 
t h e  energy spectrum of nuclear-act ive p a r t i c l e s  

represented  i n  the  form 
at  Pam& he igh t  may be 

f( > E )  = (1,4G * 0,03) ( E  / 1019--'31 f0 .N  tLd-1,x-z 

I(> E )  = (14 * 2) (E/iO")-Z.**O~2 pat-1W-z 

fop E < 3-1013 ev, 

f d r  
> 3*10"&y 

Analogously t h e  i n t e g r a l  e:icr,T spectrum of nuclear-act ive p a r t i c l e s ,  moving 

e i t h e r  without attendance by shower i n  the air o r  with nonregis tered a t t end-  

ance (N < 3OO), can be obtained : 

/ o s ( >  I { )  = (0,136k 0,017) ( E /  1Olz)-i.9*0.2 

for 2.5 - 10l2 e V  < E < 2.5 - 1013eV . 
Although the  observed magnitude of t he  avalanche in t h e  lower s e r i e s  of 
i o n i e a t i o n  chambers can be ixiduced by nuclear-act ive p a r t i c l e s  of var ious  

energy, 
sis tile apwoximnte r e l a t i o n s h i p  between the  magnitude of i nc iden t  p a r t i c l e  

energy and the number of e lec t rons  in the  avalanche. I n  t h e  i n t e r v a l ,  of 
i n t e r e s t  t o  us, we have f o r  the t h i r d  s e r i e s  

i t  may be eventua l ly  use fu l  t o  u t i l i e e  f o r  the  q u a l i t a t i v e  analy- 

E = (5,9 * 0,1) (Nan / lo4) e V  

and f o r  t he  fou r th  

f a n  n n\ in7 /4n&\o.95.@2 e V  E = \AU i V , O J  \ & * a n t  , 
It ma;. be seen t h a t  i n  these  c o r r e l a t i o n s  t h e  r e l a t i o n s h i p  f a c t o r s  

are below average, fol lowing from Table  1. This  d i s t i n c t i o n  is explained 

a by the  inf luence  of the  form of the  enerEy spectrum of the  observed nuclear-  
a c t i v e  p a r t i c l e s  and by the  f luc tua t ions  between the  magnitude of the  ava- 

lanche i n  Pb and the  energy of the  nuclear-act ive p a r t i c l e ,  

* * *  



Data 

the  depth of 

I n t e r a c t i o n  and Absorption Mean free Paths  of 
Xucleons i n  the  2-tnosphere . 

on t!ie i n t e n s i t y  of t h e  flux of nuclear-act ive p a r t i c l e s  at 
640 g/crn2 may be compared with t h e  i n t e n s i t y  of nucleons a t  

atmosphere boundary and in t h i s  way the  absorpt ion of nucleons i n  the  

atmosphere can be determined. If F ( >E, 0) 

a r e  inc iden t  a t  atmosphere boundary pe r  u n i t  of s o l i d  angle,  t he  g loba l  
number of such p a r t i c l e s  at observation l e v e l  w i l l  c o n s t i t u t e  

p a r t i c l e s  with energy > E o  

= 2 x F ( >  Eo,O)csp(--+/3in) / ( I  + z l h n ) *  

where A n  
i t  fo l lows  

is t h e  absorpt ion pa th  of nucleons i n  t he  atmosphere. Hence 

An = 2 / In  [ 2 l t ~ ( >  Eo, 0) IF (>  EO, -+I (1 + 21 An)]. 

The number of nucleons at atmosphere boundary is determined by t h e  energy 

spectrum of the  p r h a r y  cosmic r a d i a t i o n  [lo] with the  accounting of t h e  

r e l a t i v e  f r a c t i o n  of n u c l e i w i t h  a d i f f e r e n t  charge i n  the  primary radia- 

t in : :  [ill: 

F ( 7 10l2 eV, 0) t (3142 66) part-' mo2 sterad-' 

F ( > 1013 eV, 0) = (7.52 1.6) part-' mo2 sterad-'. 

U t i l i z i n p  these  values  and the above energy spectrum of nuzlear-act ive 
p a r t i c l e s  a t  the- 640 g/cm depth, we s h a l l  ob ta in  t h e  va lues  of 

tile >ath for akso rc t ion :  

2 

A n ( >  IO"+\-) = I20 -t 5 ~/cJL~, An (> IU1'eV j = i24gjcaz. 
c 

I n  the above e s x i ~ z s t e s  i t  was s i l e n t l y  assumed, t h a t  a l l  the  nuclear-act ive 

p a r t i c l e s  a t  mmntain he ights  a r e  nucleons. Such an assumption is apparent ly  

n o t  j u s t i f i e d .  However, i f  we consider  even t h a t  no-mesons c o n s t i t u t e  30% 
of the t o t a l  f l u x  of nuclear-active p a r t i c l e s  a t  nountain he ight  

the value of nucleon absorption paths  v m i e s  l i t t l e :  
[12], 

A,(> 1012eV) = 115g/cnC2, An(> 101%v ) = II9g/cnt2. 

The free path f o r  the  nuclear  i n t e r a c t i o n  is determined on the basis of r e ~ i s -  

t r a t i o n  of nucle,ar-active p a r t i c l e s  moving without t h e i r  being at tended by 
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an air shower. The absence of accompaniment may be considered a s  evidence 

t h a t  t he  given p a r t i c l e  passed the  atmosphere without a s i n g l e  in t e rac t ion .  

Such p a r t i c l e s  can be only primmy protons , for a - F a r t i c l e s  and heavier  

n u c l e i  would inescapably be attended by an air shower. Assume t h a t  t he re  

are Fp (>Eo , 0) protons at  atlriosrhere boundary. The number of protons 

without s!iower accompaniment at depth x w i l l  be 

p p ( >  E,,z) = ~ J C F , ( >  E ~ , o )  esp (-z/AL) I ( i t - t l h ) ,  

where is i n t e r a c t i o n  pa th  of nucleons i n  t h e  atmosyhere. Hence i t  follow6 

t h a t  the  r e l a t i v e  number of p a r t i c l e s  without a t tendance w i l l  be 

The path for i n t e r a c t i o n  can be expressed i n  the  form 

S u b s t i t u t i n g  the  corresponding values,  we s h a l l  ob ta in  

A < 00 .5p--cn* for E z 1012 eV 
k < 8 3 & 5  F!jca2 for E 2 1013 e V  

The obtained values  of t he  i n t e r a c t i o n  path for protons in the atmosphere 

c o n s t i t u t e  t h e  uDTer limit 

a p a r t i c l e  i n  t h e  atmosphere c o n s t i t u t e s  -5 -10 
f o r  the minimum r e g i s t e r e d  loss of energy by 

11 eV. 
* * *  

5. BelationshiD between the 3nerm of a Nuclear-Active 
p a r t i c l e  and t he  Y a Z i i ~  tf the A+,+,snAbnq 

Shower 

The apparatus  u t i l i z e d  by u s  allowed t o  measure simultaneoaslg 
t h e  energy of nuclear-act ive p a r t i c l e s ,  the  number of p a r t i c l e s  i n  an 
e x t e r s i v e  air shower and the e n e r q  of t he  electron-photon component of 
t h e  showers' Core. The c o r r e l a t i o n  between these  q u a n t i t i e s  f l u c t u a t e  

s t r o n r l y  from case t o  case, Prese:-ted i n  7ig.  6 are t h e  i n t e g r a l  d i s t r i -  
b u t i o n s :  a) 

e n e r m  of the electron-photon component of shower's core  from 3.5 10l1 
of the  number of p a r t i c l e s  in an extensive a i r  shower at the  
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11 t o  5.6 ~ 1 0  eV, b) of the energy 01 the  electron-photon component of t he  

shower’s core  a t  ecertg of the nuclear-act ive corcponent of t he  core  from 
4.2 t o  8.4 eV, e) of the  enerpy of the  nuclear-act ive coapo- 

nent of the  core a t  t o t a l  number of p a r t i c l e s  in t he  shower from 5 la5 t o  

1 10 and d) with enerEy of the electron-photon component of the  core i n  
t h e  i n t e r v a l  (1.8 - 3.6) 10l2 eV. 

6 

;I’ig. 6 Fig. 7 
Fip. 6, a - I n t e t r u l  d i s t r i b u t i o n  of s!;otrers by the  number of 
a t  e n e r g  of the  el-ph com;?onent of the core  = (3.5- 5.61 *lof1 e V  ; 
d - i n t e ~ r a l  d i s t r i b u t i o n  of showers by the energy of t he  el-ph component 
of t he  core a t  ener:;y of the nuclear-active p a r t i c l e  = (4.2 - 8.4) *1012 e V  ; 
0 - i n t e L m a l  energy d i s t r i ’ x t i o n  of nuclear-act ive p a r t i c l e s  i n  showers with 
a number of p a r t i c l e s  N = 5 105 - 10 105; 1 - i n t e g  energy d . i s t r ibu t ion  
rrf nilclear-active p a r t i c l e s  a t  E:?, = (1-8- 3.6) 8 10weV. 

Fiy. 7. a-  e n e r - y  d i s t r i b u t i o n  of nuclear-act ive p a r t i c l e s ,  genera t ing  at 
t’ce l e v e l  of the  3rd s e r i e s  of i o n i z a t i o n  chambers an avalanche wi th  N9, 
p a r t i c l e s  (second v a r i a n t  of ca l cu la t ion ) ;  
nucleons a r r i v i n g  a t  the  P a i r  l e v e l  with enerag i n  the  i n t e r v a l  E -2E: 
3 . -  constant  f r a c t i o n  of preserved energy, a = 0.5; 2 - f luc t u a t i n q  f r a c t i o n  
of  preserved e n e r m ,  iii - 0 . 5 ; L -  d i s t r i b u t i o n  of showers, generated by 
primary protons w i t h  energy 10 e V ,  by the  number of p a r t i c l e s  a t  Pamir l e v e l  

131; 1 - d i s t r i b u t i o n  of showers a t t end ing  at Emir l e v e l  a n u l e o n  with 
energy E - 2?3 : 1 - showers from primary protons, 2 - showers from primary 
nuc le i ,  3 -  showers fyon primary protons and nuclei .  - The r e l a t i v e  number 
of showers is p l o t t e d  ia ordinates.  

a r t i c l e s  

J -  energy dus t r ibu t ion  of primary 
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1 
R e l a t i v e  number of p a r t i c l e s  
of given energy ( i n % )  per nucleon 
R e l a t i v e  number of nucleon6 (in 76) 

For the  q u a n t i t a t i v e  ana lys i s  we s e l e c t e d  t h e  f l u c t u a t i o n s  of t h e  

t o t a l  number of p a r t i c l e s  in an extensive air shower f o r  a given value of 

t h e  i o n i t a t i o n  induced i n  t h e  lower s e r i e s  of i o n i z a t i o n  chambers by t h e  

high-energy nuclear-active p a r t i c l e s .  The observed f l u c t u a t i o n s  are the  
r e s u l t  of conbinations of probable in te rconnec t ions  :between the  observed 

i o n i t a t i o n  and tile ener-ry of tfle pmticle  having h i t  t he  de t ec to r  of nuclear-  

a c t i v e  p a r t i c l e s ,  f l c c t u a t i o n s  i n  the  value of the  energy of primary nucleon 

ai atmosbhere boundary, g iv ing  a nuclear-act ive p a r t i c l e  of pre-assigned 

energy a t  observation level, f l u c t u a t i o n s  of the  number of p a r t i c l e s  in an 
extens ive  air shower for a given ener-gy of the  nuc eon at  atmosphere boundary 
on account of f l u c t u a t i o n s  in the development of t h e  shower and also because 

t h e  packing of a p a r t  of primary nucleons i n t o  
The e s s e n t i a l  ascumption of the  conputations completed by UIS c o n s i s t s  i n  t h e  

admission of s t a t i s t i c a l  independence of t he  above-enumerated f luc tua t ions ,  

The enumerated d i s t r i b u t i o n s  a r e  p l o t t e d  i n  F i g , " .  

in te rconnec t ion  between t h e  observed ion iza t ion  and the  energy of t h e  nuclear- 
a c t i v e  p m t i c l e  (Fis .7 .a)  has been discussed a t  l eng th  in the  preceding sec- 
t i o n .  The d i s t r i b u t i o n  of showers by t he  t o t a l  number of p a r t i c l e s  from t h e  

g iven-enerT nucleon w a s  borrowed from t h e  work c133 (Fig.7,g) .  In t hese  

c a l c u l a t i o m  tLe d i s t r i b u t i o n s  of the number and the place  of i n t e r a c t i o n  

of t k e  l f leadingl t  nucleon i n  t h e  atinosphe;-e are taken i n t o  account, It is 
assuqed t h a t  avalanches from P -mesons have a r e l a t i v e l y  s h o r t  path on account 
of uniform d i s t r i b u t i o n  of energy, l o s t  by the  nucleon between t h e  secondary 

f? -mesons. The composition of the  primary cosmic r a d i a t i o n  w a s  taken in 
correspondence with t he  exgerirnental data of [ll] in t h e  region of ene rg ie s  

- p a r t i c l e s  and heavier  nuclei .  

The ca l cu la t ion  of t he  

Eo 4 10i2eV (Table 3). 
T A B L E  3 

86 

52 

a 

h 

13 

31 

- 
ar 

16 

0.88 

7.5 

si 

31 

0.33 

6.1 
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During t%e ca lcu la t ion  of showers from n u c l e i  i t  was est imated 

one of t he  nucleonsof the  nucleus, with atomic weight A is r e g i s t e r e d  

t h a t  

in 

the  de t ec to r  of nuclear-act ive pa r t i c l e s .  A s  t o  t h e  shower, i t  is c rea t ed  

by a l l  the  A-nucleons, while t h e  f l u c t u a t i o n s  i n  the  development of such a 
shower is A% tines smaller than in a shower from a s i n g l e  nucleon of cor= 

responding energy. Tha energy d i s t r i b u t i o n  of primary nucleons ( f ig .  7, b ), 

giv ing  a t  observat ion l e v e l  a nucleon with ener-g E, is determined by t h e  
expression 

Here 

i s  t he  e re rgy  s p e c t r w  of the  primary nucleons 
ti 

W ( E ,  Eo) = e-t - il 

I s  t he  p-*obabili ty t h a t  the pr inary  nucleon of energy E, create8 at  depth 

t nuclear  pa ths  of nucleons wi th  energy E = ai Eo 
energy preserved in  t h e  in te rac t ion .  The c a l c u l a t i o n  w a s  completed at d i f -  

f e r e n t  assuiiptions as regards  the q u a n t i t i e s  01, 

f r e e  path f o r  t he  nuc lear  i n t e rac t ion .  

with a f r a c t i o n  a[ of 

and the  l eng th  of t he  

Comparison of experimental d a t a  with the  computed combined effect  

of the  enumerated causes of f l u c t u a t i o n s  of the  c o r r e l a t i o n  between the  

ene rg .  of t he  observed nuclear-act ive p a r t i c l e  and t h e  magnitude of t h e  
extensive a i r  shower is made in Fig. 80 For nuclear-act ive p a r t i c l e s  with 
enerkT (1.3 - 2.61 IU-- ev cuc t s lzS .e t icn  qgrees w e l l  wi th  experiment. 

Tor nuclear-act ive p m t i c l e s  of g r e a t  energy there e x i s t s  an obvious d i s -  
cre?ancy between the  ca l cu la t ion  and the  e;:perbent. T * i s  r e s u l t  does not  

depend on whether a constant  value a =O.5 is taken for t h e  f r a c t i o n  of 

conserved energy, or it  is est imated t h a t  Q1 may have two v a l u e s :  [r = 0.2 

and 

between the  c a l c a l e t l o n  and tile d a t a  of t he  experiment. 

--1P 1. I% 

d I 0.8 a t  2 C.5. 'tie analyzed d i f f e r e n t  assulmed causes  of discrepancy 

The vr . r is t icn of sFectrum index of primary cosmic r a d i a t i o n  y in 
Eor1015 el' cannot be manifest  i n  our e q e r i m e n t s .  We t h e  e n e r m  region 

assumed t h a t  t h e  si;5ctrun index of primary nucleons y v a r i e s  from y = 1.5 
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Fig. 8. D i s t r i b u t i o n  of  shov;ers, 
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accompanying at Pamir he igh t  - _ _  
a nuclear-act ive p a r t i c l e  w i t h  energy E ,  by t h e  number of-par-  
t i c l e s  : a-E = (1.3 - 
IIistogrzm : exper imentd  data, dashes - c a l c u l a t i o n  f o r  a cons tan t  
f r z c t i o n  of coiAEerued energy a = 0.5; stroke-dashes - corcputation 
f o r  a f l u c t u a t i n g  f r ac t ion  of conserved energy, Z = 0.5. 

l d - * e V ,  5 -  E =(2.6- 5 . 2 )  1 g 2 e V  
2'32 e V ,  - E =  (1.04-2.08) l 6 3 e V ;  8 - E ~ ( 5 . 2 -  10.4).  1 

1. tig. 9 .  - D i s t r i b u t i o n  of showers a t tending  nuclear-act ive p a r t i c l e s  
v i t h  energy (2.6- 5.2). ld1' e V  e t  ~ a m i r  l e v e l ,  by number of par- 
t i c l e s  : 1 - experimentel da t a ,  2 - coxputat ion a t  confitant f r ac t ion  
of  conserved enerKy, dependent upon the  energy of the nucleon E ( i n  
3 and 3 - a l l  the nuclear-active ~ e r t i c l e s  a t  Pa- l e v e l  a r e  nucleons) 
4 - cc lcu ln t ion  a t  constant f r e c t i o n  of  conserved energy, a = 0.5 (70% 

of nuclear-active p a r t i c l e s  a t  Pamir l e v e l  a r e  nucleons and 30pe rcen t  
are p -mesons. 



t o  y'= 2.0 a t  energy Eo 3: 3 - 1013 eV,  t h a t  is, a t  such energy, at which 

a v a r i a t i o n  i s  observed in t he  spectrum of nuclear-act ive p a r t i c l e s  a t  
mountain heights.  However, ca l cu la t ion  h a s  shown t h a t  such an assumption 

inc reases  still f u r t h e r  t he  discreFancy between the experiment uric! t h e  cal- 

culat ion.  Subsequently, the  cont r ibu t ion  of $2 - mesons t o  t h e  f l u x  of 
nuclear-active p r t i c l e s  observed a t  mountain l e v e l  vas taken i n t o  account, 

and  i t  w a s  t e s t e d  how the  charac te r  v a r i a t i o n  of an elementary event can 

inf luence ,  nanely t h a t  i n  c.>nnection w i t h  ana lys i s  of the  data on ex tens ive  

a i r  showers considered earlier.  '&en computing the  i n t e r r e l a t i o n  between 
the energy o f  t he  --meson observe6 at  mountain l e v e l  with the  energy of the  

primary nucleon a t  atmospiierc boundary, only Jz* -nesons formed by nucleons 

were taken i n t o  account. A t  the  same time i t  w a s  est imated t h a t  t h e  contki-  
but ion o: t he  X*-mesons qenerated by 3t' -mesons could be neglected. The 
spectrum of 7C -mesons, genertited i n  an elementary event,  was taken i n  the  

form . The value of Em, 

was estknated equal  t o  ( 1  - a)  E,,. , and Emin w a 6  determined from t h e  

normalization of the  above spectrum t o  t o t a l  energy, transferred by Z-mesons, 

and of the t o t a l  number of %--mesons i n  the a c t s  or events  observed i n  pho- 

toenuls ion a t  correspondinr e n e r ~ i e s .  The p a t t e r n  of elenentary event  varia- 
t i o n  a t  
the  f r a c t i o n  of conserved energy is a = 0.5; the  nucleons with energy above 

13 3 10 e V  conserve the fou r th  p a r t  of energy ( d  = 0.251, and at t h e  same 

t ine  the  four th  p m t  of enerEy goes t o  t h e  forna t ion  of 5t -mesons and h a l f  

of the  energy is t ransfer red  t o a  s i n g l e  y-quantum. It may be seen i n  Fig, 9 
t h a t  both,  the accounting of 2 -mesons a n d  the  v a r i a t i o n  of t h e  p a t t e r n  

of t h e  elemectary event ,  i:iilcv= t h e  agreement of the  calculation with the  

exceriment. 

+ 

d E / E  2 wi th in  the  i n t e r v a l  from Emin t o  

3 .lo13 e V  w a s  taken i n  the  following form t f o r  erLerag < 3 107-5 - b  

* * * 

- C O N C L U S I O N  

The i n t e r a c t i o n s  o f  nucleons with n u c l e i  are bes t  o f  all i n v e s t i -  
gated i n  acce le ra to r s  and i n  the reg ion  of energy adjacent  t o  acce lera t ing .  

The genera l ly  admitted energy p a t t e r n  of t he  elementary event can be descr ibed 
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a6 follows : the  inc iden t  nucleon conserves a t  c o l l i s i o n  w i t h  a l i g h t  

nucleus near ly  h a l f  of its energy, as an average; the  energy spectrum 

of p a r t i c l e s  forming i n  t he  c o l l i s i o n  is, as a whole, qu i te  hard: thus ,  

p a r t i c l e s  are encountered, the  energyof  which is of the same order  as 
t h a t  of the  inc iden t  p a r t i c l e .  The above-described experimental data f i t  
wel l  such a scheme of nucleon i n t e r a c t i o n  with n i t rogen  and oxygen n u c l e i  

wken the  energy of t h e  inc ident  nucleon6 is less  tlian ( 1  + 3 )  1G3 eV. 
The e f fec t ive  cro66 s e c t i o n  for the nonelas t ic  c o l l i s i o n  corresponding 
t o  the  observed free path at  = 90 g/cm2, does not 
d i f f e r  from the  value of the  c ross  s e c t i o n  obtained for an e n e r g  ~ 1 0 ~ ~ e V  

on the  acce lera tor .  Up t o  w h a t  exergies  of the  inc iden t  nucleon a re  such 

c h a r a c t e r i c t i c e  of the  elenentary event preserved?  The theory of complex 
o r b i t a l  moments fo recas t s  t h e  increaEe of t he  e f f e c t i v e  cross s e c t i o n  for 
t h e  none la s t i c  i n t e r a c t i o n  of nucleons with n u c l e i  at  t r a n e i t i o n  from 

energ ies  of 1O1*eV t o  10l5eV. The decreaee of t he  f r e e  path of primary 
nucleons with energy near  d3 e V  , obtained i n  our measuremer,ts, does 
not  emerge beyond the  limits of s t a t i s t i c a l  e r r o r s  when compared with 

nucleons of lower ener,-ies . The experinrental i nd ica t ions  on t h e  v a r i a t i o n  

eV i n  t h e  air 

i n  the elementary event were obtained during s t u d i e s  of extensive air 
showers and a t  neasurements of the energy spectrum of -quanta i n  the  

upper p a r t  of the atmosphere with the  a i d  of photoemulsions. The d a t a  or 
extens ive  air showers pointed t o  t h e  necess i ty  of changing the  cha rac t e r i s -  

t i c s  of thee lementaryevent  i n  the  e n e r q  i n t e r v a l  of primary p s r t i c l e s ,  
ld4 - 10 1 5  eV h 4 1 .  The va r i a t ion  of  the  enerqy spectrtur! of y - quanta 
i n  the  upFer p a r t  of the atmosphere wa6 observed for e n e r q  - ~ 1 0 ’ ~ e V  [153, 
T h i s  corresponds t o  eneray of primary nucieons Eo > iG1’ eY. ? ? e ~ e - . e r ,  tfiese 

eFt imr tes  of the  eneryy of nrimary p a r t i c l e s ,  a t  which eone p e c u l i a r i t i e s  

a r e  observed, do not  cont rad ic t  one another,  for a t  forant ion of e x t e n s i r e  

a i r  showers primary nuc le i  play a g rea t  ro l e :  f o r  them the energy E, > 10’ ‘ 
eV corresponds the  energy - 1013 eV on a s i n g l e  nucleon of t he  nucleus.  

The ana lys i s  of t h e  d i s t r i b u t i o n  of extensive a i r  showers bp the  t o t a l  

number of p a r t i c l e s ,  described i n  the present  work, when these  shovers a r e  

accompanybg nuclear-act ive p a r t i c l e s  of given energy f o r  t h e  e n e r g  regicrr, 



E > 3 - 1G2 e V ,  l e a d s  t o  the  assumption of the  change i n  t h e  p a t t e r n  of 
the  nucleon c o l l i s i o n  event w i t h  n u c l e i  of air atoms a t  inc iden t  nucleon 

energy Eo >10 
t h a t  allowed t o  expla in  the p e c u l i a r i t i e s  of t he  energy spectrum of y -quanta 

i n  t he  upper atmosphere C161 
a number of  p a r t i c l e s  lo4-10 

t o  the  increase  of e n e r g  t r a n s f e r  t o  t h e  electron-photon component, t o  

a Trea ter  f r ac t iona t ion  of energy of t h e  primary nucleon between secondary 

pnr t ic le f i .  

13 eV. The cha rac t e r  of such a change i s  the  same 86 t h e  one 

and t h e  data on extensive air showers with 
6 f.14l.Thifi change of t h e  event m u s t  l e a d  

An a l t e r n a t e  explanation of our data on the spectrum of ex tens ive  

air shovers ,  a t tending  nuclear-ect ive p a r t i c l e s  of given energy at mountain 

leve1,coul.d be s o u i ~ h t  i n  t h e  aFsumption of sharp v a r i a t i o n  i n  the  composi- 

t i o n  of primary cosmic r ad ia t ion  a t  Eo = loL3 cY toward s i g n i f i c a n t  p reva i l i ng  

of primary nuc le i  and a near ly  t o t a l  absence of protons. However, compari- 
son  of data on the  fluctu1t2.ons of the  Eerenkov r a d i a t i o n  and of the  number 

of p-mesons i n  extensive air showers w i t h  t h e  results of t h e  s tudy  of t h e  

composition of pr inary  cosmic r a d i a t i o n  by meane of bal loons and rocke t8  

po in t s  t o  the constancy of t h e  composition i n  a broad i n t e r v a l  of energ ies  

from 10;LOto lO16ev ~101. 
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